battery industry, for the colouring and bleaching of glass, and in the chemical industry. Basic slag contains about 10 per cent. of manganese.
Literature
Though Brezina (1921) reported that 5 out of 10 men working in a pyrolusite mill had died of pneumonia after working 2, 6, 3, 1 and 2 months, Baader (1932) was the first to ascribe to manganese the high incidence of pneumonia amongst workers making dry battery cells. Elstad (1939) observed a great increase in pneumonia among the inhabitants of Sauda, a small town in Norway, after the opening of works where manganese alloys are smelted. The mortality for pneumonia in Sauda was ten times greater than for the rest of Norway, and in Elstad's opinion was due to the pall of smoke, containing manganese dust, overhanging the town.
Buttner (1939) observed that men working in a Rhenish pyrolusite mine suffered an average pneumonia rate, for the years 1934-37 inclusive, of 17 (range 8-25) per thousand (with an average death rate of 6-3 per thousand). As a control group he examined the experiences of the Leipzig Local Sick Fund whose male members had a pneumonia rate of 0-54 per thousand. In Buttner's opinion the death rate was due to a mild silicosis which by fibrosis paved the way for the pneumonic process. The Giessen pyrolusite ore contains 17 per cent. manganese, 20 per cent. iron and 20 per cent. silicic acid, which probably accounts for the silicotic process observed by Buttner. The Present Inquiry Manganese acts in two ways: (1) manganese poisoning, characterized by changes in the central nervous system, and (2) by causing pulmonary symptoms commonly termed manganese pneumonia.
The present inquiry was the result of the observation that men employed in the manufacture of potassium permanganate, exposed to the inhalation of dust of manganese dioxide and higher oxides of manganese, suffered a high incidence of pulmonary symptoms, in particular illness diagnosed as pneumonia. Clinical and environmental studies were completed by the exposure of animals to the inhalation of manganese dioxide dust.
Description of Manufacturing Process
In the manufacture of potassium permanganate manganese dioxide is ground in a ball mill, 'reacted' with melted caustic potash (KOH) in the presence of lime (at a temperature of 4000 C.) ( fig. 1 (fig. 5 ).
Of 34 batches of pyrolusite examined on delivery, 30 contained less than 2 per cent. of silica, and the remaining 4 batches less than 2-7 per cent. (with an average manganese dioxide content of 87-88 per cent.). Minor constituents are phosphorus pentoxide (0-2 per cent.), lead (0-002 per cent.), iron (3 5 per cent.), alumina (I 0 per cent.) and chromium (0-001 per cent.).
The work is heavy but the plant is not unduly hot (except during blackout) though the clothing needed to protect against caustic splashes adds to the heat and sweating ( fig. 6 ). The cloakrooms are good and well supplied with hot water and fitted with shower baths, and from some parts of the plant can only be reached by going outside but no worker need walk more than 10 yards out of doors to reach the cloakroom. The majority need not leave the building. When 'reactions' are being done, a thick cloud of steam and dust, mostly manganese dioxide and lime, is given off, and at all times the plant is very dusty. Potassium manganate and permanganate spray is liberated in the electrolytic process (fig. 4 ). Except in special places no forced ventilation was provided though the plant was freely open to the outside air. Ventilation varies considerably with the direction of the wind, and by general consent is considered to be good when the wind is blowing from the west. This is partly because of the layout of the plant and partly because the most dusty jobs are on the east side. yr..,,, f,,10 iE 0-S ' L : -' g z ' ' ; ' " " . . . . 0 1 l j e S S i f ' i ; j 1 ; j ; t 0 t : x ' ' j 11,''''i -0 X 0 0 : : " t ._ He was treated with sulphathiazole and penicillin (120,000 units daily for three days) but his condition improved more slowly than would have been expected (see Temperature Chart).
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An x-ray of his chest four days after admission ( fig. 8) showed consolidation of the left upper lobe. The remainder of the lung field had an appearance of 'fluffiness' similar to that seen with early or slight pulmonary oedema. The bronchial shadows appeared swollen and indefinite in outline; some consolidation was present in the right lower lobe.
Fourteen days later the consolidation was resolving and the radiographic appearance of the rest of the lung field was normal except for increased bronchial markings INDUSTRIAL MEDICINE ( fig. 9 ). Nine weeks after admission to hospital an x-ray of the chest showed increased lung markings within normal limits ( fig. 10 ). At this time he was free from symptoms; slight oedema of his left leg was present, probably due to circulatory stasis. The cardiovascular system showed no abnormality; the urine was normal.
Of the 16 men who suffered from 'pneumonia' (see Table 1 Seven other men besides those reported above, examined at various times because of absence due to chest symptoms, showed neither clinical nor radiographic abnormality on return to work.
Three men who were examined as they had been employed for 9 years on the plant were free from symptoms and showed no abnormality on clinical and x-ray investigation.
Environmental Studies
The environmental studies are summarized in Tables 2 and 3 . All dust counts were made with a thermal precipitator (Green and Watson, 1935) .
The opinion that the dustiness of the plant varied with the weather is confirmed, dust counts being less when the wind is in the east. The particle size of the dust is small, approximately 80 per cent. of particles being less than 02iu in size, and nearly all particles less than l,u. The mass concentration determined by the electrostatic precipitator bore no relation to the number of particles per cubic centimetre of air determined by the thermal precipitator or to the calculated mass concentration (Bedford and Warner, 1942) . Jotten (1939) , described the histological changes in rabbits' lungs after exposure to manganese dust as a severe bronchitis with bronchiolitic changes. No signs of croupous pneumonia were present and these authors described the cellular reaction as a leucocytic and partly lymphocytic infiltration. Illustrations accompanying their paper show the large, apparently empty, mononuclear cells, characteristic of the present experiment. They also stated that changes could not be produced in mice's lungs unless a concomitant inhalation of pneumococci (either dead or alive) was employed. They concluded that manganese has a specific local action on the tissues. Reploh (1943) has reported a series of experiments in which mice were exposed to various dusts including manganese carbonate dust from a SiemenMartin furnace (manganese content 7-9 per cent.) and basic slag. With the exception of SiemenMartin furnace dust, the mice failed to develop lung infections unless they were either previously treated with inhalations of dead pneumococci or previously treated in a similar way followed by injection with dead or living pneumococci after the exposure of dust.
Dust-feed Apparatus Owing to the heavy nature of manganese dioxide and the clinging nature of dust collected from the walls and ledges of the plant, the method described by Argyll Campbell (1934) did not prove satisfactory for the reproduction of the plant atmosphere. The major disadvantage of other dust-feed apparatus is the large amount of air required and the need to keep the level of the dust constant in relation to the large volume of relatively slow-moving air. The mechanical arrangements to achieve this are bulky, not easily movable and complicated (Stead, Dernell and Nau, 1944) . If a small volume of air at a relatively high velocity were employed, and a compressed air cylinder* used as the source, many of these objections would be overcome (figs. 12 and 13).
Air was blown from a jet on to the surface of the dust 6 cm. away from the jet ( fig. 12 ). The resultant lowering in the level of the dust during the experiment was negligible in relation to the air speed and distance from the jet. The dust was stirred with a paddle which revolved four times a minute. If desired, the dust-laden air could be diluted with clean air so that the dust concentration of the air entering the animal chamber might be controlled.
A rectangular animal chamber 600 x 550 x 500 cm., similar to that described by Argyll Campbell (1934) was used. The dust count in the chamber was kept constant by adjusting the flow of air through the jet between 1-4 litres per minute and the clean air between 84-6 litres per minute so that a total flow of 10 litres per minute was maintained. Before estimating the dust concentration the apparatus was run for at least half an hour to displace the air from the animal chamber. Standardization was effected by placing the thermal precipitator in the animal chamber: for any given dust and air flow it was always possible to reproduce within practical limits the same dust concentration for periods up to 5 hours ( Exposures to dust for 2 hours twice daily were given 5 days a week for 14 exposures but the mice appeared ill and 7 exposed mice died or were killed. One control mouse died. After an interval of 8 days (during which 3 mice died) the mice were made up to the original number and exposed twice daily, but after 10 exposures the time of exposure was reduced to 70 minutes twice daily, 5 days a week, for 26 exposures (during which 16 mice died or were killed). Dust counts inside the chamber were performed every second or third exposure.
Bacteriological Results.-At the end of this time the exposed mice, though not obviously ill, were in poor condition and less well than the control mice. The exposed mice had lost weight, 11 mice weighing 23-24 gm. (As this was an unexpected effect, individual weights had not been kept.) Four days after the last exposure the exposed mice were tested for susceptibility to pneumococci. The mice were divided by random selection in six groups as shown in Table 5 , and given intraperitoneal injections of pneumococcus (type II): suspension A, each mouse received 0 5 ml. of a suspension containing 240,000 organisms per ml., suspension B, each mouse received 0-5 ml. of a suspension containing 12,000 organisms per ml.
The doses had been carefully standardized but the suspension proved about five times as toxic as expected. Post-mortem smears and cultures fromp the lung, spleen and heart showed large numbers of pneumococci.
Nine of the manganese-treated control mice were infected with 0 5 ml. of a suspension of pneumococci containing 800 organisms per ml., the remaining 9 being kept as controls.
In view of the poor condition of the manganeseexposed mice the results were not considered significant and do not suggest that the inhalation L Table 7 and injected intraperitoneally with pneumococcus (type II). Suspension A, 0-5 ml. ofsuspension of 110 organisms per ml., and suspension B, 0 5 ml. of suspension of 20 organisms per ml. (II) Streptococci. A similar test was performed using Streptococcus Haem. (Richards) 0 5 ml. of a suspension of 245 organisms per ml. being given intraperitoneally (Table 8) . fig. 10 , C.) Liver, section normal.
Bacteriological Results.-The mice were divided nto groups as shown, and injected intraperitoneally:
(1) Pneumococcus (type II). Each mouse received 0-5 ml. of a suspension containing 70 organisms/ml.
(2) Pneumococcus (type IV). Each mouse received 0-5 ml. of a suspension containing 8400 organisms/ml.
(3) Streptococcus Haem. Richards. Each mouse received 0 5 ml. of a suspension containing 200 organisms/ml. The results prove that the mice showed no difference in susceptibility to pneumococcus type II and IV after exposure to manganese, and the small difference in the mice injected with Streptococcus Haem. (Richards) may be due to the poorer condition of the mice exposed to manganese.
Absorption of Manganese.-Three mice exposed to manganese dust and 3 control mice were killed on the last day of exposure. All mice were carefully brushed, skinned and dissected. spraying. At the end of 15 minutes there were still pneumococci present in the air.
Control mice were treated in exactly the same way but were sprayed with sterile serum broth instead of pneumococci. They were exposed in the same chamber, being done before the pneumococcal mice. A blood-agar plate exposed for the full 15 minutes the mice were in the chamber gave a count of 50 organisms, all of which appeared to be of the usual air contamination type.
Experiment.-(I) Ten manganese-treated mice were exposed to pneumococcal infection for a period of 15 minutes.
(2) Ten normal mice were similarly treated. I ,, 10 10 10 10 9 10 10 10 2 days 10 10 10 10 9 10 10 10 3 ,, 10 10 10 10 9 10 10 10 4 ,, 10 9 10 10 9 10 10 9 7 ,, 10 9 10 10 9 10 10 9 2 weeks 10 9 10 10 9 9 3 ,, 9 9 9 10 9 9 see Table 12 The normal mice had been kept in the same room as the manganese chamber. The results are summarized in Table 11 .
As it appeared after 7 days that under these relatively simple experimental conditions the manganese-exposed mice were not going to prove more susceptible to the pneumococcus infection, the two groups of unexposed control mice were removed and injected intraperitoneally with pneumococcus (type IV). Each mouse received 0-5 c.c. of suspen--sion of organisms containing 220,000 organisms per ml. (Table 12) . These results also show no increase in susceptibility to pneumococcal infection in manganesetreated mice.
Absorption of Manganese.-Five exposed and 3 control mice were washed, skinned and dissected, and submitted for analysis. Buttner (1939) except that no fatal cases have been experienced. It seems very probable that the conditions in the factory described in this report were much better than in German mines or pyrolusite mills. No overt case of manganese poisoning has been observed (even after careful clinical examination of men exposed for 9 years), whereas reports of manganese intoxication are constantly appearing in the German literature.
No definite evidence of fibrotic or other specific changes have been found in the present investigation, and Schwartz (1942) agrees that manganese does not cause fibrosis. The fibrotic changes observed by Buttner (1939) are almost certainly due to 20 per cent. silica present in the Giessen pyrolusite.
Basic slag contains about 10 per cent. of manganese dioxide, and there have been many Continental reports of Thomasslachen pnuemonia. Gundel and Fischer (1938) state that 2 per cent. of basic slag workers die of pneumonia, and a sudden death in an agricultural worker (Koch, 1942) who had been employed in spreading basic slag has been ascribed to broncho-pneumonia caused by slag. As Jotten and Reploh (1938) The present experiments were undertaken with the object of determining whether manganese causes an increase in susceptibility to the pneumococcus. For the investigation of the effect of manganese on the lungs a larger animal would have been chosen, but the histological effects were so uniform and so striking that a detailed description is warranted.
The changes in the lungs were dependent on the length of exposure, and varied from slight mononuclear infiltration (an exaggeration of the normal) to intense mononuclear interstitial infiltration with many dust-laden cells, and finally to consolidation (with haemorrhagic areas), leading to complete disorganization of the lung structure. The changes appeared to occur especially around the bronchi.
The alveolar cells and the cells lining the bronchi were swollen and had undergone a hydropic change. The alveoli and interstitial spaces were packed with large mononuclear cells which were either desquamated alveolar cells or histocytes which had undergone intense proliferation. In many areas this monocytic reaction was so intense that only a faint outline of the normal lung structure could be seen. The mononuclear cells in some cases contained particles of dust and cell debris and appeared to be dead. Areas of necrosis were not uncommonly present in the lung. Lymphocytes were few in number and granular cells were conspicuous by their rarity (see fig. 10 ).
The oedema of the bronchial and alveolar epithelium suggests that manganese has a direct action on these cells. Accuracy. Results are accurate to ± 0-04 mgm. per 100 ml. Conclusion. Manganese dioxide dust sxamined under the above conditions appears to dissolve in the serum but the dissolution is hindered by the presence of alkali. The fall in the amount dissolved at 96 hours followed by a steep rise at 144 hours suggest some change taking place in the serum.
